T ooth decay is the most common childhood disease. 1 Untreated decay can lead to pain, infection, and in rare cases, sepsis-induced death. Other consequences include difficulties chewing food, school absenteeism, and low quality-of-life. [2] [3] [4] [5] [6] Tooth decay is preventable by drinking fluoridated water, brushing with fluoridated toothpaste, limiting carbohydrate intake, and visiting the dentist for preventive treatments such as topical fluoride and sealants. 7, 8 The American Academy of Pediatric Dentistry recommends 6-monthly dental visits. 9 However, not all children use dental care regularly. In fact, dental care is the most common unmet need for children, including those with a chronic condition (CC). 10, 11 Low-income children are disproportionately affected by poor oral health, partly because most do not use dental care. 12 Although Medicaid-enrolled children are more likely to use dental care than uninsured children, 13, 14 studies have identified barriers that affect Medicaid-enrolled children. [15] [16] [17] [18] Dental utilization is commonly defined as use of dental care during a 12-month period. Based on National Health and Nutrition Examination Survey (NHANES) data, dental utilization for Medicaid-enrolled children aged between 2 and 16 years ranged from 38.5% 19 (1988 -1994) to 62.4% (1999 -2004) . 20 Data from the Medical Expenditures Panel Survey (MEPS) suggest that 28.5% to 33% of Medicaid-enrolled children Ͻ18 years used dental care in 1996. 21 Based on state Medicaid data, utilization for children ranged from 24.4% in New Hampshire to 54.7% in Iowa. [22] [23] [24] [25] Collectively, these estimates suggest that large proportions of Medicaid-enrolled children do not use care even though dental care is an entitlement under the federal Early and Periodic Screening, Diagnosis, and Treatment Program.
One in 5 Medicaid-enrolled children has a CC, defined as a mental, physical, or behavioral condition expected to last Ն12 months. 26 Medicaid-enrolled children with a CC typically face additional barriers to care. For example, dentists are unwilling to see these children because of insufficient financial reimbursement, especially for the effort required to treat patients with complex medical histories or behavior problems. 27 There is also a shortage of pediatric dentists trained to manage children with a CC. 28 Iowa Dental Medicaid is a traditional fee-for-service program that covers diagnostic, preventive, and restorative dental care. 29 Infants Ͻ1 year from households with incomes Յ200% of the Federal Poverty Level as well as children aged 1 to 18 years Յ133% Federal Poverty Level are eligible. Medicaid operates in all 99 counties and enrolls about 150,000 children each month. 30 Children are enrolled annually. All dentists with a valid Iowa dental license can participate. There were 2148 dentists in Iowa in 2008. 30 Forty percent of Iowa dentists (about 860 dentists) treat Medicaid or State Children's Health Insurance Program-enrolled (SCHIP) patients and 8% (about 172 Iowa general dentists) have practices with Ն25% Medicaid or SCHIP patients. 31 In this study, we tested the following hypotheses:
1. Children with a CC are less likely to use dental care than those without a CC; 2. Children with more severe CCs are less likely to use dental care than those with less severe CCs.
METHODS

Conceptual Framework
A sociocultural oral health disparities model proposed by Patrick et al was the conceptual framework for this study. 32 We used this model because it focuses on the multilevel influences on oral health. The model of Patrick et al hypothesizes that policies and interventions focusing on these influences will reduce oral health disparities. Our study variables were organized under the following 5 domains: 
Study Population
We focused on children aged 3 to 14 years enrolled in Iowa Medicaid for 11 to 12 months in 2005 and in 2006. We excluded 19,178 children who did not meet this criterion.
Children Ͻ3 years were excluded because CCs are diagnosed after the third birthday 33 and dental utilization is low for this group, 34 suggesting heterogeneous determinants of utilization. Children aged 15 to 17 years were excluded because they exhibit utilization patterns that appear to be uniquely related to adolescence. 35 The final dataset contained 71,115 children.
Data
The University of Iowa Institutional Review Board approved this study. We analyzed Medicaid files from 2003 to 2006. Enrollment files contained date of birth; gender; race/ethnicity; Medicaid eligibility group; and zip/county code. Claims files contained medical diagnoses, inpatient, outpatient, pharmacy, and dental claims. Dental services were identified by Current Dental Terminology code and invalid Current Dental Terminology codes were removed (Ͻ0.01% of all claims).
Measures
Use of dental care was defined as the presence of a claim for such care. The outcome variables were use of any dental care in 2006; use of diagnostic care (eg, examinations; D0110-D0330); preventive care (eg, cleanings; topical fluoride; sealants; D1110-D1351; D4355); routine restorative care (eg, fillings; D2110-D2394); or complex restorative care (eg, pulp therapy; stainless steel crowns; extractions; D1510-D1550; D2930-D4342; D7110-D7140; D9420). Children who used multiple types of care were included in the rates for each type of care they used.
The main independent variables were CC status and CC severity, defined using the 3M Clinical Risk Grouping methods. 36 The 3M Clinical Risk Grouping methods classify children into 9 core health status groups (CHSGs) based on medical diagnoses and relevant health service utilization. 37 We modified CHSG1 to differentiate nonmedical care utilizers from healthy children. Furthermore, we used clinically validated methods to differentiate children with episodic CCs from children with lifelong CCs (originally categorized in CHSG3-CHSG7). 38 This resulted in 7 mutually exclusive, hierarchical conditionstable clinical groups (CG) ( Table 1) .
First, we compared dental utilization for children without a CC from CG1 to CG3 (nonmedical care utilizers; healthy; acute condition) and the remaining children with a CC in CG4 to CG7 (episodic CC; life-long CC; malignancy; complex CC). We then compared utilization across CG4 to CG7,with CG4 as the reference group.
Statistical Analyses
The 2 test or analysis of variance was used to test for inter-CG differences (␣ ϭ 0.05). Multiple variable logistic regression models were constructed to test our hypotheses. Variables from similar constructs were assessed for collinearity. The Medicaid eligibility program variable was excluded because of partial collinearity with CC status. We excluded race/ethnicity because many children had missing data (14.6%). Imputation methods were not used because of the uncertain reliability of this variable. The 2 immediate factors, having a Medicaid-enrolled sibling and/or adult, were proxies for household-level stress and very low household income, respectively. These 2 factors may be antagonistic to each other rather than being additive, whereby households with both a Medicaid-enrolled sibling and adult may act very differently than expected from having one of these but not both. Hence, an interaction term was included in the final models when significant (␣ ϭ 0.05). When a significant interaction occurred, we reported odds ratios and 95% confidence intervals for each of the 4 combinations of the Medicaid-enrolled sibling and adult factors. All data were analyzed using PASW 17.0.
RESULTS
Descriptive Data
A total of 25,933 children (36.6%) had a CC. Among children with a CC, 69.3% had an episodic CC (CG4); 28.2% life-long CC (CG5); 0.3% malignancy (CG6); and 2.2% complex CC (CG7) ( Table 2) .
Regarding previous dental use for children without a CC, rates for healthy and those with an acute condition were 54% and 59.1%, respectively. The rate was lowest for nonmedical care utilizers (31%). Previous dental use was similar for children with a CC (52.9%-60.2%) and slightly lower for children with the most severe CCs (49%). Compared with children with less severe CCs (CG4 -CG5), those with more severe CCs (CG6 -CG7) were more likely to have used primary medical care in 2005 but less likely to have used dental care in 2005. Table 3 summarizes dental utilization in 2006 (numbers in parentheses are utilization rates). Overall, 56.3% of chil-dren used any dental care in 2006. Approximately 50% used diagnostic or preventive care, 18.6% routine restorative care, and 8.9% complex restorative care. Among children without a CC, nonmedical care utilizers were the least likely to use each type of dental care in 2006. In fact, with the exception of routine restorative care, nonmedical care utilizers had the lowest utilization for each type of dental care. Among children with a CC, rates across dental care type for children from CG4 to CG6 were similar, and were lowest for children from CG7. Uniformly, larger proportions of children who used primary medical care in 2005 used dental care in 2006, and those who previously used dental care had highersometimes much higher-rates of dental use in 2006 than those who did not previously use dental care.
Dental Utilization in 2006
Regression Models
Impact of CC Status for All Children
We hypothesized that Medicaid-enrolled children with a CC would be less likely to use dental care than those without a CC (Table 4 ). On the contrary, children with a CC were 1.07 times as likely to have used dental care in 2006 (P Ͻ 0.0001). They were also significantly more likely to use each type of care except routine restorative care.
Children aged 3 to 7 and 8 to 12 were more likely to use diagnostic, preventive, and complex restorative care but less likely to use routine restorative care than those aged 13 to 14 years. Those who used primary medical care in 2005 were significantly more likely to subsequently use each type of dental care except for complex restorative care and those who used dental care in 2005 were significantly more likely to use each type of dental care subsequently in 2006. Children with a Medicaid-enrolled sibling or adult were significantly more likely to use complex restorative care. Relative to metropol- itan children, those in urban areas were less likely to use diagnostic, preventive, and routine restorative care, whereas rural children were less likely to use preventive care and more likely to use routine restorative care. Children in a dental HPSA were less likely to use each type of care.
Impact of CC Severity for Children With a CC
We hypothesized that Medicaid-enrolled children with more severe CCs would be less likely to use each type of dental care than those with less severe CCs (Table 5 ). With a few exceptions, the only consistently significant differences in dental care use by CC severity were for children with the most severe CCs. Except for complex restorative care, children with a complex CC were significantly less likely to use each type of dental care (P Ͻ 0.0001) than children with an episodic CC. There were no differences in dental utilization between children with an episodic CC (CG4) and those with a malignancy (CG6) except that children in CG6 were twice as likely to use complex restorative care. There were also no differences in utilization for children with an episodic (CG4) or life-long CC (CG5), except that the latter children had 12% lower odds of utilizing routine restorative dental care.
As in the previous model, younger children with a CC were significantly more likely to use diagnostic, preventive, and complex restorative care but significantly less likely to use routine restorative care. Similar to the results from Table 4 , there were large odds ratios associated with previous primary medical care use and previous dental care use. The sibling variable was not significant for each type of care, whereas children with a Medicaid-enrolled adult were less likely to use any or preventive care and more likely to use complex restorative care. Children with a CC in a nonmetropolitan area were significantly less likely to use preventive care. There was no difference in dental utilization by dental HPSA, except for any dental care and preventive care, whereby children in a dental HPSA were less likely to use these types of care.
Interaction Term
In our CC status models (Table 4) , the interaction between the 2 immediate factors (sibling/adult) was significant for each type of care except complex restorative care. Compared with children in the reference group (no enrolled sibling or adult), children with no enrolled sibling and an enrolled adult were more likely to use diagnostic and routine restorative care; children with an enrolled sibling and no enrolled adult were significantly more likely to use each type of care; and children with an enrolled sibling and an enrolled adult were more likely to use routine restorative care. In the CC severity models (Table 5) , the interaction term failed to reach statistical significance for each type of dental care except routine restorative care.
DISCUSSION
We adapted methods from the health services literature to identify Medicaid-enrolled children with a CC and to evaluate 2 relationships: first, between CC status and dental utilization, and a second, between CC severity and dental utilization. *Dental visit types are not mutually exclusive (eg, a child could have had more than one type of dental visit). † n indicates the number of children in each cell and the numbers within parentheses indicate the proportion of children in the respective subgroup that utilized each type of dental care. 
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CC Status
We hypothesized that Medicaid-enrolled children with a CC would be less likely to use each type of dental care than those without a CC. After adjusting for covariates, children with a CC were slightly more likely to use diagnostic, preventive, or complex restorative dental care and equally as likely to use routine restorative care as children without a CC.
There are 2 related explanations. Medicaid-enrolled children with a CC may have overcome barriers to care at a higher rate than those without a CC because of Iowa's unique dental care delivery system for children with a CC. For example, the University of Iowa's Center for Disabilities and Development, open since 1948, houses a dental clinic where many children with a CC can obtain comprehensive dental care from pediatric dentists and residents. 39 Such long-standing, specialty clinics can substantially improve access to dental care for children with a CC. Second, children with a CC in Iowa may generally be more likely to use all types of health care services, including dental, because of better integration into the health care system through clinics like the Center for Disabilities and Development.
Our finding of no difference in routine restorative care use by CC status is consistent with another study based on MEPS data. 40 This latter study found no difference in use of restorative care for children aged 2 to 17, of which 27% were Medicaid-or SCHIP-insured, by special needs status. Furthermore, Medicaidenrolled children with a CC in our study were more likely to use preventive care, consistent with previous findings that higher proportions of children with a CC used preventive care. 41, 42 Children with a CC were also more likely to use complex restorative care (eg, pulp therapy, tooth extractions), suggesting greater severity of dental disease. These findings underscore the importance of preventive dental care as well as earlier diagnosis and treatment, especially for children with a CC. It is important to note that differences in utilization by CC status, even when statistically significant, may not be clinically meaningful if they reflect underlying differences between the 2 groups in dental need, which can manifest as increased use of complex restorative care.
CC Severity
We hypothesized that Medicaid-enrolled children with more severe CCs would be less likely to use each type of dental care than those with less severe CCs. As hypothesized, children with a complex CC (CG7) were significantly less likely to use each type of dental care, except complex restorative care, compared with children with an episodic CC (CG4). Compared with children in CG4, children with a malignancy, the second most severe CC group, were only more likely to use complex restorative care, whereas children with a life-long CC (CG5) were less likely to use routine restorative care. The odds ratios associated with use of each type of dental care appeared to increase, rather than decrease, by CC severity from CG4 to CG6 and then decreased for children in CG7. These results suggest a threshold effect rather than a direct relationship between CC severity and dental utilization.
There are 2 possible explanations. Children with a complex CC, which includes ventilator-dependent children and those in a persistent vegetative state, have other higherpriority health care needs or face end-of-life issues. These factors may lead to lower dental utilization. This is consistent with a recent study reporting that lower proportions of children Ͻ18 years meeting Ͼ3 CSHCN Screener criteria had an annual dental visit than those meeting 1 criterion. 43 On the other hand, for children with a malignancy, the second most severe CC group, oncologists may reinforce the importance of dental care, which is necessary to ensure that severely decayed teeth are extracted (a type of complex restorative care) before chemotherapy or radiation and to monitor for mucositis following cancer treatment. 44 As for children from the less severe CC groups (CG4 -CG5), there were generally no differences in utilization between these 2 groups, and they were collectively more likely to use each type of care than children without a CC (data not shown). These children have conditions that require monitoring but are not necessarily life-threatening. Integration into the health care system may make it more likely for these children to use dental care.
Other Factors Related to Dental Utilization (All Children) Distal Factors
We examined 1 distal factor: dental HPSA. As expected, living in a dental HPSA was associated with lower utilization of each type of dental care in the first model (Table  4 ). In the second model (Table 5 ), children with a CC who lived in a dental HPSA were less likely to use preventive dental care but not less likely to use other types of care. The former finding is problematic given the importance of preventive care. The lack of relationship between the dental HPSA variable and the other types of dental care for children with a CC suggests that increasing the supply of dentists in HPSAs alone may not improve utilization.
Intermediate Factors
We examined the effect of one intermediate factor: rurality. As distinct from findings from other research, 45 we failed to detect consistent differences in dental utilization for children from rural and metropolitan areas, except for preventive care. Children in urban areas generally were less likely to use dental care than those living in metropolitan areas. One explanation is that metropolitan areas in Iowa have community health centers that serve high volumes of Medicaid enrollees, whereas children in rural areas may be seen by local dentists who treat economically vulnerable children based on an enhanced sense of social responsibility. 46 This leaves urban children relying on dentists who may limit the number of Medicaid patients seen, although this is an untested hypothesis. Future studies should identify reasons for differences by rurality in dental utilization for Medicaid-enrolled children.
Immediate Factors
We examined 2 immediate factors: whether there was a Medicaid-enrolled sibling or Medicaid-enrolled adult in the household. In the CC status model, the main effect of having a Medicaid-enrolled sibling was associated with increased use of complex restorative care, whereas in the CC severity model only children with a Medicaid-enrolled adult were more likely to use this type of care.
The interaction term was significant in the CC status models for each type of care except complex restorative care and failed to reach significance in the CC severity models except for routine restorative care. Consistent findings across both models that children from the 3 nonreference groups were significantly more likely to use routine restorative care suggest that preventive interventions should be targeted at households with multiple Medicaid enrollees.
Collectively, these results suggest that interventions might focus on households with at least 1 Medicaid-enrolled adult. Further research is needed on the main effects and interactive effects between immediate factors so that subgroups of Medicaid-enrolled children who would benefit most from household-level interventions can be identified.
Proximal Factors
We examined 2 proximal factors: previous dental care use and previous primary medical care use. In all models, previous dental care use was positively associated with subsequent dental use in 2006. Another study examined this relationship and found that Medicaid-enrolled children Ͻ6 years who used preventive care at an earlier age were significantly more likely to subsequently use preventive care. 47 As a sensitivity analysis, we ran our models without the variable and found that the adjusted odds ratios remained unchanged, suggesting that dental use in 2005 failed to confound the relationship between model covariates and dental use in 2006. Future work should examine dental utilization over time, especially for children with a CC, many of whom are long-term Medicaid enrollees.
We also detected a significant relationship between previous use of primary medical care and diagnostic, preventive, and routine restorative dental care use. These findings are consistent with previous studies. 25, 48 In the current study, however, children who used primary medical care were not more likely to use complex restorative care. Because the mechanisms are not well-understood, the relationship between medical and dental utilization warrants further investigation.
Study Limitations
There are several study limitations. First, we lacked child-level clinical data, which precluded an assessment of dental need. It is possible that differences in odds ratios for restorative care, especially for children with a CC, reflect heterogeneous dental need rather than unequal access to care. Underlying differences in risk for dental disease, which is related to dental need, may explain variations in utilization for all types of dental care, irrespective of CC status or CC severity. This limitation can be addressed in the future by measuring caries risk and collecting clinical oral health data. Second, we did not examine how other factors associated with CCs (eg, intellectual/developmental disability; behavior problems) are related to utilization. Third, we were unable to include behavioral factors such as knowledge, attitudes, and beliefs, which are important determinants of utilization. We addressed this limitation by including proxy measures such as primary medical care use, which is partially related to health care seeking behavior. Fourth, we dropped the race/ethnicity variable. In light of dental utilization disparities for minority children, 49 this issue requires additional investigation. Finally, our study was based on Medicaid-enrolled children in Iowa; our findings may not be generalizable to children in other states. Future studies should be conducted in other child populations so that direct comparisons can be made regarding the effect of CC status and severity on dental utilization.
CONCLUSIONS
All children, irrespective of their CC status, should use dental care regularly. Our results suggest that Medicaidenrolled children with a CC were slightly more likely to use dental care and that children with the most severe CCs were the least likely to use care. However, nearly 50% of children in our study did not use any dental care in 2006, highlighting the larger problem that Medicaid-enrolled children face. Low dental utilization can lead to untreated tooth decay and deteriorations in overall health, which may have serious consequences for children with a CC, many of whom already have compromised systemic health. Future studies are needed to identify the factors associated with CCs that are critical barriers to dental utilization such as a cognitive deficit or physical impairment. This knowledge will lead to policies and interventions aimed at improving dental utilization for the most vulnerable Medicaid enrollees.
